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Introduction
In the past, gas gangrene panophthalmitis due to Clos-
tridium perfringens (a spore-forming bacterium) caused
by ocular perforating injury was a major anaerobic
infection reported in the ﬁeld of ophthalmology. Since
the 1960s, however, non-spore-forming ocular infection
has been attracting close attention as a so-called oppor-
tunistic infection. This type of infection now accounts
for the majority of anaerobic ocular infections. Recently,
postoperative endophthalmitis due to Propionibacte-
rium acnes, developing after cataract surgery, has
been highlighted. Close attention has also been paid to
ocular infections caused by other non-spore-forming
anaerobes.
Trends in isolation of anaerobes
in the ﬁeld of ophthalmology
Bacteria isolated from the conjunctival sac
Various indigenous bacteria are isolated from the con-
junctival sac of normal eyes. The fornix of the conjunctiva
is anatomically rich in folds and minimally exposed to
ambient air. For this reason, it is expected that the space
within the conjunctival sac is anaerobic and that an
anaerobic environment is likely to form via consumption of
oxygen by coexisting aerobes.
According to previous reports, Propionibacterium spe-
cies accounts for an overwhelmingly high percentage
(40–80%) of anaerobes isolated from the conjunctival sac.
The anaerobic gram-positive cocci (Peptostreptococcus sp.,
Parvimonas spp., etc.), Bacteroides spp., Lactobacillus spp.,
Clostridium spp., Eubacterium spp., etc. also account for
several percent each [1].
Isolation of anaerobes from the conjunctival sacs of 100
neonates, before application of Crede ophthalmic solution,
reportedly yielded anaerobes in 20 neonates (20%), and
those frequently isolated were Biﬁdobacterium spp. and
Bacteroides spp. These anaerobes were apparently trans-
mitted through the parturient canal [2].
Isolation of organisms from patients
with ocular infections [3]
Table 1 shows the frequency of anaerobe isolation from
patients with ophthalmologic infections managed at the
Department of Ophthalmology of Niigata University
Medical & Dental Hospital.
Anaerobes were isolated from 24 of 50 patients with
corneal ulcers (48%), 22 of 87 with acute conjunctivitis
(25.3%), 18 of 75 with chronic conjunctivitis (24.0%), 16
of 30 with chronic dacryocystitis (53.3%), 16 of 37 with
keratitis (43.2%), 7 of 16 with neonatal dacryocystitis
(43.8%) and 7 of 13 with blepharitis (53.8%). In addition,
anaerobes were isolated from 4 patients with canaliculitis,
2 with panophthalmitis, one with orbital cellulitis, and
so on.
Of all isolated strains, 21.8% were anaerobes, ranging
from 16.1 to 28.0% in different years. Of the anaerobes
isolated, 80.7% were gram-positive rods, 9.7% were gram-
positive cocci and 10.3% were gram-negative rods
(Table 2).
Of all anaerobe strains isolated, 115 (78.8%) belonged to
Propionibacterium species, 8 (5.5%) were anaerobic gram-
positive cocci (Peptostreptococcus sp., Parvimonas spp.,
etc.), 6 (4.1%) Prevotella spp., 3 (2.1%) Fusobacterium spp.
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and one (0.7%) Actinomyces spp., while 13 (8.9%) remained
unidentiﬁed.
Of all anaerobes, 47.7% were isolated separately and the
remainder were isolated in the setting of mixed infections
with a few other bacteria.
Bacteria isolated concomitantly were coagulase-nega-
tive Staphylococcus spp. (37 strains), Corynebacterium
spp. (29 strains), a-hemolytic Streptococcus spp. and
other anaerobes (19 strains), Staphylococcus aureus (10
strains), etc.
Anaerobic ocular infections
In the past, most reports on anaerobic ocular infec-
tions pertained to gas gangrene panophthalmitis due to
C. perfringens. In recent years, an increasing number of
reports on ocular infections due to non-spore-forming
anaerobes have been published.
Table 3 shows the pathogens for ocular infections
reported by Jones and Robinson (1977) [4] as well as other
pathogens subsequently described.
Each anaerobic ocular infection is presented below,
citing representative cases.
Orbital cellulitis
This disease is often secondary to paranasal sinus or dental
disease, because of the anatomical proximity. Since both
paranasal sinus and dental diseases are generally attribut-
able to anaerobes, orbital cellulitis often assumes the form
of an anaerobic infection.
This disease can be characterized by pus seen following
orbital incision and by malodorous puriform secretions.
Systemic antibacterial drug therapy is used to treat this
condition.
Dacryocystitis and lacrimal canaliculitis
Actinomycosis of the lacrimal canaliculus is an important
disease, considered to arise from proliferation of Actino-
myces spp. (indigenous bacteria in the oral cavity, tonsils,
etc.) within the anaerobic environment of the lacrimal
passage after its transmission via the nasal cavity or from
the conjunctiva via saliva.
This disease can be characterized by intense erythema
and swelling of the lacrimal punctum and by discharge of
drusen from a markedly compressed lacrimal punctum.
This disease should be suspected in cases in which con-
junctivitis fails to heal despite treatment with the antibac-
terial ophthalmic solutions often used clinically.
When treating this condition, it is essential to remove
the drusen from the lacrimalis canaliculus by incision of
the lacrimalis canaliculus. After removal of the drusen,
antibacterial ophthalmic solution is applied to promote
healing.
Conjunctivitis
Cases with conjunctivitis caused by C. perfringens have
been reported. This disease shows no speciﬁc features,
differing from those of other types of bacterial conjuncti-
vitis and it heals in response to the antibacterial ophthalmic
solutions commonly used clinically.
As stated above, care is needed in identifying non-spore-
forming anaerobes as pathogens for conjunctivitis, since
these bacteria are often indigenous to the conjunctival sac.
Perkins et al. [5] reported that the frequency of anaerobe
isolation was higher from the conjunctival sacs of inﬂamed
eyes than from those of inﬂammation-free eyes, and that
Peptostreptococcus spp. was isolated signiﬁcantly more
Table 1 Detection of anaerobes in clinical cases
Eye disease No. of anaerobe-isolated cases/total
no. of bacterium-isolated cases
Blepharitis 7/13 (53.8%)
Meibomitis 2/2
Acute conjunctivitis 22/87 (25.3%)
Chronic conjunctivitis 18/75 (24.0%)
Canaliculitis 4/6
Neonatal dacryocystitis 7/16 (43.8%)
Acute dacryocystitis 1/3
Chronic dacryocystitis 16/30 (53.3%)
Keratitis 16/37 (43.2%)
Corneal ulcer 24/50 (48.0%)
Endophthalmitis 1/4
Panophthalmitis 2/3
Orbital cellulitis 1/6
Postoperative infection 1/5
123/337 (36.5%)
Department of Ophthalmology, Niigata University Medical & Dental
Hospital, 1995–2000
Table 2 Anaerobe detection rate
Anaerobes/total bacteria 146/669 (21.8%)
Gram-positive rods 117 (80.7%)
Gram-positive cocci 14 (9.7%)
Gram-negative rods 15 (10.3%)
Gram-negative cocci 0
Department of Ophthalmology, Niigata University Medical & Dental
Hospital, 1995–2000
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frequently from the conjunctival sacs of inﬂamed eyes.
Similar ﬁndings have also been reported by Brook.
No conjunctival feature speciﬁc to this condition has
been reported.
Keratitis and corneal ulcer
Cases of keratitis caused by C. perfringens have been
reported. In these cases, small ulcers developed in the
cornea after palpebral injury, and then grew and expanded
rapidly. Several hours after onset, small bubbles ﬁlled with
gas had formed on the superﬁcial layer of the corneal
parenchyma, often leading to surface rupture.
Regarding non-spore-forming anaerobes, anaerobes
were reportedly positive in 27 of 162 patients with bacterial
corneal ulcers, and 13 strains of anaerobes isolated from 11
cases were apparently responsible for the disease [6].
Possible involvement of anaerobes should be borne in
mind when dealing with corneal ulcer cases.
Propionibacterium acnes keratitis [7]
Although P. acnes keratitis is not a well-established disease
entity, this condition is often seen in patients with disturbed
host defense systems on the ocular surface due to the use of
steroid ophthalmic solution, contact lenses, etc. (particu-
larly contact lens users).
Small circular or oval foci of corneal inﬁltration are seen
in the superﬁcial layers of the corneal parenchyma,
accompanied by intense ciliary injection.
This disease can heal in response to ﬂuoroquinolone
ophthalmic solution.
Endophthalmitis
Clostridium perfringens panophthalmitis
Attention is needed to the fact that ocular injury, particu-
larly perforating ocular injury due to an intraocular foreign
body, can induce gas gangrene panophthalmitis. Cases
developing this disease as an endogenous infection after
necrotic perforation of the gallbladder have also been
reported.
Clinical features The disease develops suddenly,
accompanied by intense eye pain. It can be characterized
by intraocular hypertension, coffee-colored secretions and
gas bubbles within the anterior chamber. It advances rap-
idly, eventually leading to blindness.
This disease can be pathophysiologically characterized
by acute suppurative panophthalmitis accompanied by
extensive necrosis of intraocular tissue.
Outcome This disease is usually resistant to antibacterial
drug and antitoxin therapies. Most cases undergo eviscer-
ation or enucleation of eyeball or reach the stage of phthisis
bulbi.
Propionibacterium acnes endophthalmitis [8]
Propionibacterium acnes endophthalmitis was not seen in
the era when intracapsular cataract extraction was per-
formed, leaving no residual lenticular cortex. However, this
disease began to be seen in the era of extracapsular cataract
extraction and interocular lens (IOL) insertion.
Table 3 Ocular infections due to non-spore-forming anaerobes
Type Orbital cellulitis Dacryocystitis/canaliculitis Conjunctivitis Keratitis/corneal ulcers Endophthalmitis
Actinomyces s s s s s
Bacteroides s s s s
Fusobacterium s s s s
Peptostreptococcus s s s s s
Parvimonas s s s s
Propionibacterium s s s s
Veillonella s s
Lactobacillus s s
Biﬁdobacterium s
Butyrivibrio s
Eubacterium s
Modiﬁed from Ref. [4]
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Clinical features (1) Develops 2–24 months (mean
4 months) after surgery; (2) presents with chronic irido-
cyclitis (occasionally hypopyon); (3) formation of white
plaque (often between the lens or intraocular lens and
posterior capsule); (4) large white deposit on the posterior
plane of the cornea; and (5) shows cycles of temporary
remission and relapse following treatment with antibacte-
rial agents or steroids.
Mechanism for onset The adjuvant effect of P. acnes
probably reinforces the hypersensitivity to lenticular
protein.
Treatment The disease is treated with anterior chamber
lavage, infusion of appropriate antibiotics to which P. acnes
is highly susceptible (penicillins, cephems, ﬂuoroquino-
lones, etc.), vitrectomy, and so on.
Prophylaxis for this disease is essential. Preoperative
disinfection, as recommended by the Japanese Association
for Ocular Infection, should be performed. Cefmenoxime
(CMX) ophthalmic solution is applied four times a day,
oﬂoxacin (OFLX) eye ointment is applied to the palpebra
once daily, and tosuﬂoxacin (TFLX) ophthalmic solution is
applied three times a day for 2–3 days before surgery.
Table 4 lists major signs of anaerobic infection in the
ﬁeld of ophthalmology.
Selection of antibacterial agents to treat anaerobic
ocular infections
It needs to be borne in mind that anaerobes tend to be
highly resistant to aminoglycosides and colistin (CL).
When dealing with ocular infections caused by common
anaerobes, antibacterial agents often used clinically should
be selected, including cephems, ﬂuoroquinolones, carba-
penems and so on. Pathogens are sometimes resistant to
these antibacterial drugs. In such cases, drug sensitivity
testing needs to be performed and drugs to which the
pathogens are highly susceptible must be selected.
Aminoglycoside ophthalmic solution is the drug of ﬁrst
choice when dealing with cases in which the pathogen has
not been identiﬁed and Pseudomonas aeruginosa appears
to be involved. If the condition is not alleviated, despite
treatment, the drug should be switched to other medications
in view of the possible involvement of anaerobes.
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Table 4 Possible signs of anaerobic infections in the ﬁeld of
ophthalmology
1. Malodorous pus
2. Samples testing positive for bacteria by gram staining but
negative by aerobic culture
3. Resistance to treatment with aminoglycosides, benzylpenicillin
(penicillin G), ampicillin and ﬁrst-generation cephalosporins
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